The authors have made aggregate data available in the Supporting Information. Village and household level data are available from the DHS Measure Program sponsored by USAID to researchers who can apply for data access at: <http://dhsprogram.com/data/new-user-registration.cfm>.

Introduction {#sec001}
============

Reducing gender inequality is a major global policy concern. Goal 5 of the recently ratified Sustainable Development Goals is "*Achieve gender equality and empower all women and girls*." The pathway under this goal (Goal 5a) is via reforms that give women equal rights and access to economic, financial and natural resources \[[@pone.0145778.ref001]\]. One reason gender equality is so high on the international policy agenda is the growing body of evidence showing that improving the welfare of women and closing the inequality gap can lead to improved childhood nutrition and reduced mortality \[[@pone.0145778.ref002]--[@pone.0145778.ref004]\], increased school enrollment \[[@pone.0145778.ref002],[@pone.0145778.ref005]\], improved maternal and children's health \[[@pone.0145778.ref004],[@pone.0145778.ref006],[@pone.0145778.ref007]\] and improved natural resource management \[[@pone.0145778.ref008]--[@pone.0145778.ref010]\]. Given this evidence accruing from around the world, promoting gender equality is viewed as a key strategy in development campaigns \[[@pone.0145778.ref011]\], to increase food security \[[@pone.0145778.ref012]\], reduce poverty \[[@pone.0145778.ref013]\], mitigate HIV and malaria transmission \[[@pone.0145778.ref014]\], and ensure sustainability \[[@pone.0145778.ref015]\].

In order to accelerate the impacts of policies and programs that relate to gender, a critical first step is to better understand how inequality is manifested around the world, in particular, by pinpointing where it occurs using approaches and indicators that are consistently disaggregated to as fine a resolution as possible. Unfortunately, such fine-scale indicators for gender inequality do not currently exist. And so while recent assessments of gender disparity suggest that in many parts of the world we have failed to deliver on Millennium Development Goal (MDG) III---"*promote gender equality and empower women*." \[[@pone.0145778.ref016]--[@pone.0145778.ref018]\], with evidence suggesting that women in some countries have seen decreased opportunities to improve their welfare and that of their families (e.g. Vietnam: worsening wage equality; Pakistan: reduced political empowerment; ref.\[[@pone.0145778.ref019]\]), these indicators are inherently limited due to the coarseness of their resolution.

Here, we address this lack of fine-scale data by presenting high-resolution maps of gender inequality, using a consistent analytical approach that represents approximately half of the world's least developed countries. For our measures of inequality we use land ownership and household wealth to compare welfare between male-headed and female-headed households across 30,509 sample clusters (which represent villages, communities or subsets of more populated areas, hereon *villages*). We chose these indicators since in many parts of the developing world, access to land is the critical input to a household's welfare function, and asset wealth (e.g. housing materials, bicycle ownership, water source) reflects other forms of productive capital for the household. There are of course other measures of gender inequality reflected in national indexes (e.g. percentage of women in political leadership positions), but we focused on these two metrics since they provide a micro-view of the gender dynamics relevant to project or implementation scales, and because we can map and measure them with a consistent methodology.

Methods {#sec002}
=======

We used the Demographic and Health Surveys project \[[@pone.0145778.ref020]\] to assemble a dataset of household surveys from 30,509 sampling clusters encompassing over 689,000 households. DHS surveys are nationally-representative surveys of the health and wellbeing of a country\'s women, men and children. From this dataset we extracted two key metrics of a household's welfare: first, the number of hectares owned that are available for agriculture; and next, a wealth asset index. Land is the most important production factor for households in much of the developing world \[[@pone.0145778.ref021]\], and so we assumed that all else being equal, households with more agricultural land are better off than those with less. The wealth index is an aggregate metric of the accumulation of physical capital related to human well-being per household; it includes a core set of assets measured across all countries (e.g., the status of housing, water supply, communications, and sanitation facilities), as well as country-specific indicators of welfare \[[@pone.0145778.ref022]\]. For both indices, we calculated a gender inequality ratio for each of the 30,509 villages/communities in our dataset by dividing the average land (wealth) value for households headed by males by the corresponding average value in those headed by females. Our data are not globally comprehensive, but because DHS surveys are designed to represent national populations in impoverished countries, they are a representative sample of over 70% of the people living in sub-Saharan Africa (the world\'s poorest region), as well as significant areas of Asia and Latin America.

Results {#sec003}
=======

Our results show that, across the globe, households headed by males have on average 13% more asset wealth than their female counterparts, and on average own an astonishing 303% more land ([Fig 1A and 1B](#pone.0145778.g001){ref-type="fig"}). The land-ownership data is highly right-skewed, but even using the median, male-headed households have 28% more land wealth that female-headed ones. The extreme disparities in our results for land ownership demonstrate that a focus on common measurements of inequality (e.g. income) may greatly underestimate gender inequality when viewed through other dimensions of poverty.

![**Wealth and Land Inequality** A) Distribution of ratios of household asset wealth between male- and female-headed households at the village level \[mean (red line) = 1.13, n = 30,509\], B) Distribution of ratios of amount of land for cultivation between male- and female-headed households at the village level \[mean (red dashed line) = 3.03, median (blue line) = 1.28, n = 11,809\].](pone.0145778.g001){#pone.0145778.g001}

At the national scale, male-headed households have significantly more asset wealth than their female counterparts in 17 of 47 countries (*t*-tests with *p* \< 0.05), while only in Senegal did female-headed households have significantly more asset wealth than male-headed households (S1 Table in [S1 File](#pone.0145778.s001){ref-type="supplementary-material"}). For land ownership, male-headed households had significantly more land in 13 countries (*t*-tests with *p* \< 0.05), while Senegal again was the only country where female-headed households owned significantly more land than those headed by males (S2 Table in [S1 File](#pone.0145778.s001){ref-type="supplementary-material"}). In the remaining 29 (for asset wealth) and 16 (for land ownership) countries, there were no statistically significant differences between male- and female-headed households.

Despite the significance of country-level differences in land and asset wealth between male and female-headed households, examining aggregate results at the national level masks the highly heterogeneous nature of gender inequality in huge swathes of the developing world. Both the land and wealth inequality ratios show strong spatial heterogeneity within, and across, countries (Figs [2A](#pone.0145778.g002){ref-type="fig"} and [3A](#pone.0145778.g003){ref-type="fig"}; \[We zoom in on three areas for which we have results for multiple countries in a given area and where we further describe the results--Western South America, West Africa and Southeast Asia\]). For example, while Senegal is the only country where female-headed households have significantly higher levels of both wealth and land, this national scale result is not consistent throughout the country. While female-headed households along the Senegal River (which forms Senegal's northern border with Mauritania) do have higher wealth and greater access to land, male-headed households along the coast and in the capital, Dakar, are much wealthier ([Fig 2C](#pone.0145778.g002){ref-type="fig"}). And across the whole of West Africa, there exist belts of wealthier, female-headed households located 800--1000 km from the coast, while wealthier male-headed households are found 400--600 km away; both of these inequality belts extend from Senegal through several intervening countries all the way to Cameroon (S1 Fig in [S1 File](#pone.0145778.s001){ref-type="supplementary-material"}). Additional regional patterns are evident in South America, where there is a strong altitudinal gradient of inequality: households above 3000 m have wealth ratios significantly more skewed toward those headed by males than do households at lower elevations (S2 Fig in [S1 File](#pone.0145778.s001){ref-type="supplementary-material"}).

![**Wealth inequality between male- and female-headed households** A: Global Results B: Latin America C: West Africa D: Southeast Asia. Green circles represent villages where female-headed households have significantly higher asset wealth. Black circles represent villages where there is no statistical difference in the asset wealth between male- and female-headed households. Orange and Red circles represent villages with high inequality, where female-headed households have significantly lower asset wealth. \[Basemap Source: Country borders displayed from the World Borders Dataset under a Creative Commons Attribution-Share Alike License (<http://thematicmapping.org/downloads/world_borders.php>)\]](pone.0145778.g002){#pone.0145778.g002}

![**Land inequality between male- and female-headed households** A: Global Results B: Latin America C: West Africa D: Southeast Asia. Green circles represent villages where female-headed households have significantly higher land wealth. Black circles represent villages where there is no statistical difference in the land wealth between male and female-headed households. Orange and Red circles represent villages with high inequality, where female-headed households have significantly less land. \[Basemap Source: Country borders displayed from the World Borders Dataset under a Creative Commons Attribution-Share Alike License (<http://thematicmapping.org/downloads/world_borders.php>)\]](pone.0145778.g003){#pone.0145778.g003}

Such spatial heterogeneity contrasts with land and wealth ratios in other areas, such as in Cambodia, where large inequalities in both land ownership and wealth are consistent across the country (Figs [2D](#pone.0145778.g002){ref-type="fig"} and [3D](#pone.0145778.g003){ref-type="fig"}; S1 and S2 Tables in [S1 File](#pone.0145778.s001){ref-type="supplementary-material"}). Hence, Cambodia represents a case where averaged national level measurements of inequality might accurately reflect disaggregated, village scale results. Parts of east Africa, particularly Ethiopia and Kenya, also show spatially homogenous levels of inequality between male- and female-headed households. However, these countries are the exception rather than the rule.

In addition to the high degree of spatial variation in inequality within and across countries, there is also a lack of spatial concordance between our two inequality measures. For example, in both Peru and Tanzania, male-headed households have on average greater land ownership and higher asset wealth compared to female-headed households (S1 and S2 Tables in [S1 File](#pone.0145778.s001){ref-type="supplementary-material"}). Yet across all villages in both countries, the correlation between the two metrics is either poor or non-existent; villages where land inequality is high are not the same as those where asset inequality is high, and vice-versa (Peru: *r* = 0.058, *p* = 0.04, *n* = 1242; Tanzania: *r* = -0.003, *p* = 0.94, *n* = 380;) (Figs [2](#pone.0145778.g002){ref-type="fig"} and [3](#pone.0145778.g003){ref-type="fig"}).

This lack of spatial correlation between land and asset wealth ratio holds across our entire dataset (*r* = -0.005, *p* = 0.62, *n* = 10,907). Given that poverty is multi-dimensional, the lack of association between our land and wealth metrics suggests that they represent different facets of poverty, and indicate the need for differential approaches for building livelihoods and resilience in extremely poor areas.

To test that our results did in fact represent differences related to the gender of household headship, rather than result from other potentially confounding factors, we conducted three additional analyses. First, we tested whether differences in male- versus female-headed households may instead have been an effect of rural versus urban residency, since in some countries males may migrate towards economic opportunities in urban areas, with females therefore more likely to head households in these countries\' rural areas by default. This analysis included tests for the main effects of gender and of urban/rural residence, as well as an interaction term, and used both wealth and land ownership as response variables. After controlling for the fact that urban households are much wealthier and have more land ownership than rural households, the strong independent effect of gender was actually accentuated (S3 and S4 Tables in [S1 File](#pone.0145778.s001){ref-type="supplementary-material"}).

Second, we tested to see if our results might otherwise be explained by a difference in the number of people in the household. For example, if female households contained fewer dependents than male-headed households, we might reasonably conclude that land and wealth capital levels need to be scaled by household number. However, we found only slight differences in numbers of household inhabitants between male and female-headed households (i.e., a global average of 0.04 more inhabitants in male-headed households (S5 Table in [S1 File](#pone.0145778.s001){ref-type="supplementary-material"})).

Third, looking at nine countries in Latin America, Deere et al. \[[@pone.0145778.ref023]\] found that household head analysis may underestimate the extent of female-owned wealth, since it does not account for asset and land ownership by females in households headed by males (e.g. Ecuador and Argentina). To test if our analysis based on headship does reflect gender inequality outside of households headed by women, we extracted information on decision-making in our dataset and compared responses on who makes key household decisions to the gender of the household head. We found that across all countries, males in male-headed households are significantly and consistently more likely to make a range of important household decisions (e.g. financial decisions, health care decisions, decisions on family visits) on their own, rather than in conjunction with their spouse (S6 Table in [S1 File](#pone.0145778.s001){ref-type="supplementary-material"}). Our use of male/female household heads therefore seems to reflect a general power and decision-making inequality within a household, but perhaps not to the full extent of differences across male and female-headed households.

Our results highlight fine-grained aspects of inequality, but can they also contribute additional information to national level policy discussions? To test this we looked to see if our results simply reproduce existing efforts to measure national level poverty and development indicators. We tested the results of our work against the United Nation's (UN) Human Development Index, the UN Gender Inequality Index, and the UNDP's Multidimensional Poverty Index. We also tested our metrics against a fundamental human health metric (infant mortality rate) and an established measure of economic inequality (Gini Coefficient). We found that country level averages of our gender inequality metrics show only very weak correlations with conventional, national-level poverty and development indicators, with absolute Pearson *r* values ranging from 0.03--0.38 (S7 Table in [S1 File](#pone.0145778.s001){ref-type="supplementary-material"}). This suggests that the results of our fine-scale analyses provide a novel perspective on inequality and well-being, even when aggregated to national levels.

Discussion {#sec004}
==========

Our results demonstrate the magnitude of the gap in land and asset ownership between male and female-headed households across 47 countries. Similar results have been found using more limited datasets at smaller spatial extents. For example, Doss et al. \[[@pone.0145778.ref024]\] used the World Bank\'s Living Standards and Measurement Surveys to show that for five African countries, rates of (sole) male ownership of land are between 1.29 and 5 times greater than for females. And in Latin America, Deere and Leon \[[@pone.0145778.ref025]\] found a large inequality in land ownership related to gender biases in inheritance practices, land markets and land distribution policies and programs. Despite the national scale results, our analysis shows the heterogeneity of these inequalities at scales that are appropriate for programs and interventions. Additionally, the heterogeneity supports the work of others to question the sweeping generalization that "female-headed households are the poorest of the poor" \[[@pone.0145778.ref026],[@pone.0145778.ref027],[@pone.0145778.ref028]\].

With a sample size of nearly 700,000 households, our results and high-resolution maps of multidimensional gender inequality are representative of a large part of the globe where important policy decisions regarding poverty alleviation suffer from data deficiencies, particularly at disaggregated sub-national, village, and household levels. Indeed, given the high degree of intra-country heterogeneity, our results suggest that focusing only on national averages may result in suboptimal or ineffective investments. Further, the fact that asset wealth inequality and land inequality are not strongly correlated in space suggests that targeting different areas across these domains will be necessary. The results we present here can be utilized by agencies to target gender and development programs, as well as by the research community to ground truth causal explanations for the patterns we describe.

We attempted to assemble the most inclusive dataset from USAID's Demographic and Health Surveys, which is a program to provide data to decision makers on population, health and nutrition status across much of the developing world. However, it is important to note that the DHS data we used to develop our high-resolution maps of inequality are unavailable for parts of the developing world, including a lack of coverage in regions known to have substantial gender inequalities (e.g., the Middle East). Furthermore, we have purposefully refrained from any attempt to pin down specific causal explanations for the gender inequality patterns we have observed. One general mechanism underlying the patterns we have observed is that in many areas in developing countries, women lack the rights, knowledge or capital to secure their land and asset inheritance after being widowed, and such events can have long term impact on livelihood opportunities \[[@pone.0145778.ref029], [@pone.0145778.ref030]\]. As such, gender inequality in these regions is entrenched in the cultural, political and market systems that operate at household, community and national levels \[[@pone.0145778.ref025],[@pone.0145778.ref031]\]. To understand such dynamics at the subnational or even village level will require detailed follow-up research that our mapping now allows.

One critique of our approach is the use of household headship as a proxy for gender disparities. This delineation is certainly imperfect and does not explicitly measure intra-household dynamics between males and females \[[@pone.0145778.ref023], [@pone.0145778.ref026], [@pone.0145778.ref031]\]. There is also the case that culturally defined ideas of "head" and "household" may affect how survey respondents answer questions \[[@pone.0145778.ref026]\]. There are two ways our use of headship may bias results. First, if on average, females in male-headed households jointly share in and own assets and land, our results represent an overestimate of the *total* gender inequality (\[[@pone.0145778.ref032]\], but see S6 Table in [S1 File](#pone.0145778.s001){ref-type="supplementary-material"}). Second, if on average, females in male-headed households have no rights or ownership to land and assets, our results represent an underestimate of the *total* gender inequality.

There is a long literature on the division of labor within a household and evidence that the burden of caring for the previous and future generations fall largely to females, as such the burden of the main within-household duties may inhibit the ability of women to share and own financial and capital assets \[[@pone.0145778.ref033]\]. Additionally, a closer look at the differences across female-headed households (e.g. age of household head) might be the more important indicator for understanding key correlates of poverty and inequality \[[@pone.0145778.ref028]\]. Further investigation is needed to understand the potential direction of bias in our results in particular locations, as well as how female-headship may create opportunities (eg. control of income) or impediments (lower levels of labor capital) in certain regions \[[@pone.0145778.ref028]\].

Our work is a snapshot in time for each country; further investigation is needed to better understand the temporal dynamics of inequality at comparably detailed resolutions. Such temporal dynamics are of critical concern since overarching global changes in access to markets, climatic conditions, and the availability of natural resources and ecosystem services may intensify disparities in income, assets, and power between men and women \[[@pone.0145778.ref034], [@pone.0145778.ref035]\]. Nevertheless, because DHS surveys are generally conducted at five-year intervals and ask consistent questions, our results can be readily updated over time and be used to track progress towards SDGs and other goals. Our spatial analysis of gender inequality can also serve as a starting point for studies on the drivers of inequality and their wider economic consequences. Once we understand both the patterns and the processes driving gender inequality, our ability to target interventions to propel the Sustainable Development Goals forward, and track the successes and failures spatially, will be dramatically improved.
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